Abstract -THz radiation can couple in various undesired ways to THz detectors, e.g. through wires or contact pads, aggravating calculation of sensible values for the device responsivity. We therefore investigate coupling of THz radiation to antenna-less large area field-effect transistors with dimensions in the range of the THz spot size proving that only a very small fraction of power is coupled through the pads.
I. INTRODUCTION
HERE are several examples of THz detectors in the literature with dimensions much smaller than the THz spot size, often without antenna, where it is difficult to estimate the amount of power coupled to the device [1, 2] . In some cases, the authors claim extreme values of responsivity by assuming that the device receives only that amount of power impinging on its active area but neglect that the device is embedded into circuitry consisting of wirings and contact pads that may as well act as receiving elements. The power coupled to the device is thus severely underestimated, leading to overestimates of the responsivity.
In this paper, we investigate coupling of THz power to large area field effect transistors [3] that consist of arrays of transistors that are all connected in parallel, acting as one large active area which is larger than the THz spot size used in this experiment. These detectors have proven in the past to be excellently suited for detecting short THz pulses (<20 ps), are able to measure NIR and THz pulses with their respective intensity and temporal delay simultaneously [3, 4] , and can be used for autocorrelation measurements, even allowing for the measurement of the temporal pulse shape of the THz pulse [5] . Since field effect transistors only rectify signals polarized along the source-drain direction and since the LA-FET size is larger than the THz spot, we can discriminate whether a detected signal originates from the active area or from hitting a contact pad or wiring.
II. EXPERIMENTAL SETUP
The measurements were carried out at 3.9 THz at the free electron laser FELBE at the Helmhotz-Zentrum DresdenRossendorf. The rectified signal of the LA-FET is measured using a transimpedance amplifier and a lock-in amplifier. A mechanical chopper in the THz path modulates the THz signal for lock-in detection. The setup is illustrated in Fig. 1 In the next step, the THz polarization is turned by 90° as shown in Fig. 3 which should yield no response if only the active area of the device is excited. Indeed, the device detects a faint signal with about a factor of 7 smaller amplitude than that shown in Fig. 2 and features Taking the magnifying effect of the silicon lens into account, their distance on the detector surface is about 0.33 mm, i.e. approximately the dimension of the active area. The source and drain pads seem to act as antennas when excited very close to the active area. However, the signal amplitude is much smaller than that shown in Fig. 2 since the received signal has to travel from the pads to the rectifying FETs in the active area. For the LA-FET, this distance may be several wavelengths at the investigated frequency, being prone to radiative and metallic conduction losses, leading to the suppression by a factor of 7 in terms of detected power. The gate pad does not seem to show any response at all. This is reasonable, as the wiring from the gate pad to the gates of the active area is fairly long, of the order of 100 μm. The wiring is expected to have a high radiative loss at 3.9 THz. We also do not notice any off-axis elongated features and therefore can exclude coupling of THz radiation to wires connecting the pads. We note, however, for devices of the order of or smaller than the investigated THz wavelength and for spot sizes much larger than the active device area coupling to pads and wiring may be the dominant receiving mechanism as outlined in references [1, 2] .
IV. CONCLUSIONS
We conclude that for the LA-FET the majority of the detected signal originates indeed from the rectifying effect of the LA-FET excited by the polarization along the FET channels with very little contributions from wiring and pads. Unwanted contributions are a factor of 7 lower than the ordinarily detected signal. This strong suppression is attributed to the LA-FET being larger than the THz spot.
